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Background and purpose — The treatment of patients between 55 
and 70 years with displaced intracapsular femoral neck fracture 
remains controversial. We compared internal fi xation (IF), bipo-
lar hemiarthroplasty (HA) and total hip arthroplasty (THA) in 
terms of mortality, reoperations and patient-reported outcome by 
using data from the Norwegian Hip Fracture Register.
Patients and methods — We included 2,713 patients treated 
between 2005 and 2012. 1,111 patients were treated with IF, 
1,030 with HA and 572 patients with THA. Major reoperations 
(defi ned as re-osteosynthesis, secondary arthroplasty, exchange, 
or removal of prosthesis components and Girdlestone proce-
dure), patient-reported outcome measures (satisfaction, pain, 
and health-related quality of life (EQ5D) after 4 and 12 months), 
1-year mortality, and change in treatment methods over the study 
period were investigated.
Results — Major reoperations occurred in 27% after IF, 3.8% 
after HA and 2.8% after THA. 549 patients (20% of total study 
population) answered both questionnaires. Compared with 
IF, patients treated with THA were more satisfi ed after 4 and 
12 months, reported less pain after 4 months and 12 months, 
had a higher EQ5D-index score after 4 months and 12 months, 
and EQ-VAS score after 4 months. Compared with IF, patients 
treated with HA were more satisfi ed and reported less pain after 4 
months. EQ5D-index and EQ-VAS were similar. Patients treated 
with HA had higher 1-year mortality and had more comorbidi-
ties than both the THA and IF group. All these differences were 
statistically and clinically signifi cant.
Interpretation — This study showed high reoperation rate after 
IF and better patient-reported outcome after both THA and HA 
with medium follow-up. Patients selected for HA represented a 
frailer group than patients treated with THA or IF.                      ■
The treatment of displaced femoral neck fractures (FNFs) 
in old and frail patients has been thoroughly investigated in 
the literature and most studies have advocated arthroplasty 
as the treatment of choice (Gjertsen et al. 2010, Dai et al. 
2011, Støen et al. 2014). For patients between 55 and 70 
years, however, little research exists, rendering the choice of 
treatment a challenge. Most FNFs in these relatively young 
individuals occur as a result of a low-energy trauma, and the 
patients often have other diseases and conditions that may 
increase the risk of failed IF, such as medication (steroids, 
anti-epileptic medication), alcoholism, other substance 
abuse, and osteoporosis (Lofthus et al. 2006, Karantana  et 
al. 2011, Al-Ani et al. 2013). However, closed reduction and 
IF for patients under 60 years of age is usually recommended 
as many surgeons are reluctant to replace a native hip joint 
with an arthroplasty (Bhandari et al. 2005, National Insti-
tute for Health and Clinical Excellence 2011, Roberts and 
Brox 2015). IF is less invasive than prosthetic surgery, but 
the risk of reoperation due to mechanical failure, non-union, 
or avascular necrosis is high (Upadhyay et al. 2004). Fur-
thermore, when an arthroplasty is performed due to failure of 
internal fi xation, the risk of complications is higher and both 
hip function and quality of life might be inferior, compared 
with that after primary arthroplasty (Blomfeldt et al. 2006, 
Frihagen et al. 2007). 
Therefore we compared different surgical treatment methods 
with respect to reoperation, patient-reported outcome (pain, 
satisfaction, and health-related quality of life), and mortality 
in patients between 55 and 70 years with displaced FNFs.
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Patients and methods 
The nationwide Norwegian Hip Fracture Register (NHFR) 
was initiated in 2005 and aim to collect data from all hip frac-
ture operations performed in Norway (Gjertsen et al. 2008). 
We present data on patients aged 55-70 years reported to the 
NHFR with displaced femoral neck fractures treated with IF, 
HA or THA.
After each operation, patient-and operative data were 
recorded by the surgeon and reported to the register (Gjertsen 
et al. 2008). Cognitive impairment was recorded according to 
the clinical evaluation of the orthopedic surgeon but only to 
the NHFR. Comorbidity was reported as ASA class. Mortality 
data were obtained from Statistics Norway. Compared with 
the Norwegian Patient Registry, the NHFR has a complete-
ness of primary operations of 89% (Havelin et al. 2016). FNFs 
treated primarily with a THA and secondary THAs due to 
failure of the primary procedure were reported to the Norwe-
gian Arthroplasty Register (NAR) and information from these 
operations was included in the fi les of the NHFR before analy-
ses were performed. Information on cognitive impairment was 
not reported for these patients.
All reoperations were linked to their index operation by 
use of the national identifi cation number. A reoperation in the 
NHFR is defi ned as any type of secondary surgery, includ-
ing closed reduction of dislocated hemiarthroplasties, soft 
tissue debridement and reoperation converting to HA or THA. 
For THAs reported to the NAR only reoperations including 
exchange or removal of one or more prosthesis components 
were reported. Closed reduction of dislocated THAs and soft 
tissue debridement of infected THAs without exchange or 
removal of components were not recorded. Analyses with all 
registered reoperations as endpoint were thus not compara-
ble. We therefore classifi ed reoperations into minor or major. 
Minor reoperations included removal of hardware after healed 
fracture, closed reduction of a dislocated HA and soft tissue 
debridement without exchange or removal of components. A 
major reoperation after IF was any re-osteosynthesis, reop-
eration with a secondary HA or THA, and Girdlestone proce-
dures. Major reoperation after HA and THA was exchange or 
removal of one or more prosthesis components.
The register sent questionnaires to patients at 4 and 12 
months after surgery (Gjertsen et al. 2008). These question-
naires contained a visual analog scale (VAS) assessing the 
average level of pain from the operated hip within the last 
month (0 indicated no pain and 100 indicated unbearable pain) 
and a VAS concerning satisfaction with the result of the opera-
tion (0 indicated very satisfi ed and 100 indicated very unsatis-
fi ed). Furthermore, the questionnaires included the Norwegian 
translated form of the EQ-5D-3L and the visual analog scale 
(EQ-VAS). The preference scores (EQ-5D index scores) gen-
erated from a large European population were used (Greiner et 
al. 2003). The EQ-VAS is a 20-cm visual analog scale ranging 
from 0 (indicating worst possible health) to 100 (indicating 
best possible health). All patients fulfi lling inclusion criteria 
in the period January 2005–December 2012 were included 
(Figure 1). 
Of the 2,713 patients included in the study, 1,354 did not 
receive 1 or both of the questionnaires (non-receivers), because 
they were dead at the time of follow-up or because the registry 
for a limited period due to economic reasons sent question-
naires only to a random selection of patients. 1,359 patients 
received both the 4 and 12 months questionnaire (receivers) 
(see Figure 1) with a response rate of 71% and 59% respec-
tively. 810 patients, who did not respond to 1 or both ques-
tionnaires (non-responders) or who returned incomplete ques-
tionnaires, were excluded from the PROM (patient reported 
outcome measures) data analyses. No reminders were sent. 
Finally, 2,713 patients fulfi lled the inclusion criteria and 
549 patients had completed both the 4 and 12 months ques-
tionnaires, and were included in the PROM analyses. 
Statistics
We used the Pearson chi-square test for comparison of cate-
gorical variables and Student’s t-test for comparison of con-
Patients with hip fractures 2005–2012
n = 63,231
Patient 55–69 years of age
n = 7,189
Patient treated with screw/pin 




Patient receiving 4- and 12-month
questionnaires
n = 1,359
Responders with complete PROM 
 data included in
PROM data analyses
n = 549
Excluded (n = 4,476):
– other fractures, 4,342
– incomplete data (ASA), 42
– patients treated with:
      unipolar HA, 5
      sliding hip screw, 50
      intramedullary nail, 3
      other implant, 34
Excluded (n = 56,042):
– patient age ≥ 70 years, 54,002
– patient age < 55 years, 2,040
Non-receivers (n = 1,354)
Non-responders (n = 810)
Figure 1. Flow chart of patients included in the study.
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tinuous variables in independent groups. 1-year mortality was 
calculated with Kaplan–Meier analyses. A Cox regression 
analysis with adjustment for age group (55–59 years, 60–64 
years, 65–69 years), sex, and ASA grade was used to calculate 
relative risk for death within 1 year, and to calculate survival 
curves and hazard rate ratios (HHRs) for reoperations in differ-
ent treatment groups. Since the defi nitions of reoperations were 
different in the NHFR and the NAR only major reoperations 
were included in the regression analyses. The proportional 
hazards assumption was fulfi lled when evaluated visually by 
use of log-minus-log plot. Since death is a competing risk, 
and hence infl uences the accumulated probability for revision, 
regression analyses for competing risk were performed. The 
Fine and Gray regression model for the sub-hazard was applied 
to calculate subHRRs. These results were compared with the 
results from the Cox proportional hazards regression model. As 
the proportion of patients with bilateral operations was negli-
gible in our study (1.6%), both operations were included in the 
analyses. Continuous variables are presented as mean values 
(SD). Tests were 2-sided and results were considered signifi -
cant at the 5% level. The analyses were performed using IBM-
SPSS, version 22.0 (IBM Corp, Armonk, NY, USA) and the 
cmprsk Library in the statistical package R (http://CRAN.R-
project.org/Package = cmprsk<http://cran.rproject.org/Pack-
age = cmprsk>).
Ethics, funding, and potential confl icts of interest
The NHFR has permission from the Norwegian Data Inspec-
torate to collect patient data based on written consent from the 
patients (permission issued January 3, 2005; reference number 
2004/1658-2 SVE/-). Informed consent from patients was 
entered in the medical records at each hospital. The Norwe-
gian Hip Fracture Register is fi nanced by the Western Norway 
Regional Health Authority (Helse-Vest). The fi rst author 
receives funding from Strategic Research funding Akershus 
University Hospital and from Sophies Minde Ortopedi AS, a 
subsidiary of Oslo University Hospital and Akershus Univer-
sity Hospital. No competing interests were declared.
Results
Study population
As of December 31, 2012, 2,805 primary operations for dis-
placed FNFs in patients aged 55–70 years were registered in 
the NHFR. 92 patients treated with rarely used implants were 
excluded (see Figure 1) and the remaining 2,713 patients were 
included in the study. 43 of these patients had bilateral opera-
tions during the follow-up. Thus, 2,713 fractures in 2,670 indi-
vidual patients were included.
Demographic analyses
1,111 patients were treated with IF, 1,030 patients with bipo-
lar HA, and 572 patients were treated with a THA. Patients 
treated with HA were older and had more comorbidity, com-
pared with the other groups. There were more patients with 
cognitive impairment in the HA group, compared with the 
patients treated with IF (Table 1). 
Implants 
Olmed screws (DePuy, Raynham, MA, USA) were the most 
common implant in the IF group. The cemented Exeter/V40 
prosthesis (Stryker, Kalamazoo, MI, USA) and the unce-
mented Corail stem (DePuy) were the most commonly used 
femoral stems (Table 2, see Supplementary data). 
Reoperations
369 patients (33%) in the IF group and 54 patients (5.2%) in 
the HA group had at least 1 reoperation during the follow-up 
period. 16 patients (2.8%) in the THA group underwent a sub-
sequent revision of the prosthesis (with removal or exchange 
of prosthesis components) (Table 3). Minor procedures after 
IF included removal of implants (n = 63) and soft tissue 
debridement for hematoma (n = 1). Minor procedures after 
HA included soft tissue debridement for hematoma or infec-
tion (n = 8), closed reduction of dislocated HA (n = 6), and 
open reduction for dislocated HA (n = 1).
When excluding the minor procedures, the rate of major 
reoperation was 27% (305 out of 1,111 patients) for the IF 
Table 1. Baseline characteristics according to different operation types
Operation type IF HA THA p-value
Total number 1,111 1,030 572 
Mean age (SD) 62.4 (4.2) 64.9 (3.6) 63.7 (3.9) < 0.001 a
Female sex (%) 666 (60) 672 (65) 412 (72) < 0.001 b
ASA classifi cation (%)    < 0.001 b
 ASA 1–2 782 (70) 467 (45) 419 (73) 
 ASA 3 290 (26) 505 (49) 147 (26) 
 ASA 4–5 39 (3.5) 58 (5.6) 6 (1.0) 
Cognitive impairment (%) 41 (3.7) 99 (9.6)  < 0.001 b
    
a ANOVA. 
b Pearson chi-square test.
Table 3. Numbers and types of major reoperations
Operation type IF HA THA
Total number 1,111 1,030 572
Total reoperations 305 39 16
 THA 229 11 11 a
 HA 56 4 
 Girdlestone 4 3   5
 Reosteosynthesis 16  
 Exchange of bipolar head b  21  
a Exchange of components: whole prosthesis (2), 
   acetabulum (5), caput (3), femoral stem (1).
b Debridement for infection (17), dislocated prosthesis (4).
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patients and 3.8% (39 out of 1,030) for the HA patients. After 
adjusting for age group, sex, and ASA grade in a Cox regres-
sion model HA had a similar risk of major reoperation as THA 
(HRR 1.4 (95% CI 0.77–2.5). HRR for major reoperation for 
IF vs. THA was 11 (95% CI 6.8–19) (Figure 2). Further, com-
peting risk analyses with adjustments for age group, sex, and 
ASA, subHRR for HA vs. THA, was 1.4 (95% CI 0.80–2.6) 
and subHRR for IF vs. THA was 12 (95% CI 7.3–20).
Patient-reported outcome analyses
These analyses comprise the 549 patients who responded to 
both questionnaires (20% of the total study population). The 
responders were healthier according to the ASA classifi cation 
compared with the non-responders (Table 4, see Supplemen-
tary data).
More patients treated with internal fi xation and fewer patients 
treated with arthroplasty responded to the questionnaires. 
Responders treated with HA were older and had more comor-
bidity in terms of higher ASA grade compared with patients 
treated with IF and HA (Table 5, see Supplementary data).
Patients treated with HA or THA were more satisfi ed with 
the result of the operation and reported less pain after both 4 
and 12 months follow-up than patients treated with IF (Table 
6). The patients treated with THA reported statistically sig-
nifi cantly higher EQ-5D index score at both 4 and 12 months 
follow-up and a statistically signifi cant higher EQ-VAS after 4 
months than patients in the IF group. 
Mortality
The crude 1-year mortality was 6.3% (70/1,111) after IF, 
15% (155/1,030) after HA, and 4.2% (24/572) after THA. 
With adjustment for age, sex, and ASA classifi cation patients 
treated with HA had a higher 1-year mortality compared with 
patients treated with a THA (HRR 2.3, 95% CI 1.5–5.5). No 
statistically signifi cant difference in 1-year mortality was 
found between patients treated with IF and THA (HRR 1.4, 
95% CI 0.85–2.2).  
Time change
There was a change over time of treatment for displaced 
femoral neck fractures (Figure 3). The percentage of patients 
treated with IF declined from 60% (115 patients out of 190) in 
2005 to 25% (101/395) in 2012. HA and THA increased from 
24% (45/190) to 45% (178/395) and 16% (30/190) to 29% 
(116/395) respectively. The number of major reoperations 
after internal fi xation was 36 (31%) in 2005 and 24 (19%) 
in 2011. The year of surgery did not statistically signifi cantly 
infl uence the risk of major reoperation when performing a 
Cox regression analysis with adjustments for age group, sex, 
and ASA class (p = 0.3).
Figure 2. Adjusted survival of implants for the dif-
ferent treatment groups with major reoperations as 
endpoint, distributed by primary treatment method. 
Cox regression analyses with adjustments for age, 
sex, and ASA classifi cation.
Table 6. PROM results for responders
 IF HA  THA
 (n = 259)  (n = 148) p-value a  (n = 142) p-value b  
Mean (SD) patient satisfaction (VAS) 
 At 4 months 35 (25) 24 (22) < 0.001 20 (19) < 0.001
 At 12 months 32 (24) 28 (25) 0.2 23 (24) < 0.001
Mean (SD) pain (VAS)
 At 4 months 33 (23) 24 (20) < 0.001 19 (20) < 0.001
 At 12 months 28 (23) 24 (22) 0.09 20 (22) 0.002
Mean (SD) EQ-5D index score     
 At 4 months 0.60 (0.24) 0,64 (0.24) 0.1 0.71 (0.23) < 0.001
 At 12 months 0.69 (0.24) 0.68 (0.27) 0.9 0.74 (0.24) 0.03
Mean (SD) EQ-VAS     
 At 4 months 67 (22) 68 (23) 0.6 73 (20) 0.01
 At 12 months 73 (23) 69 (23) 0.2 73 (22) 0.9
a Student’s t-test (IF versus HA)
b Student’s t-test (IF versus THA)
Distribution (%)
















Figure 3. Time trend for type of surgery.
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Discussion
Treatment with IF for displaced femoral neck fractures led to a 
high rate of reoperations in this population of relatively young 
patients; more than 1 out of 4 patients underwent a reoperation 
after IF. Patients treated with HA or THA were signifi cantly 
more satisfi ed and reported less pain. Patients treated with THA 
or IF were the most comparable groups based on comorbidities, 
and our fi ndings favored THA also in these younger patients. 
This is in accordance with previous studies on elderly patients 
with femoral neck fractures (Leonardsson et al. 2013). Interest-
ingly, even though the HA group was frailer than the IF group, 
there were better results with arthroplasty for these patients also. 
The difference between HA and THA was not of statistical or 
clinical importance, either regarding number of major reopera-
tions or in patient satisfaction. This may indicate that the sur-
geons have chosen patients in need of either arthroplasty wisely.
Compared with a randomized controlled trial a register-
based observational study has some limitations. Differences in 
baseline characteristics of the groups may render comparisons 
less valid. Focusing on the more homogeneous groups with 
IF and THA, and adjustment for age, sex, and ASA grade are 
ways to deal with these limitations. 
A strength of our study is the large number of patients 
included. The percentage of patients categorized as healthy 
(ASA grade I) was quite similar in the IF group and the THA 
group, but patients in the HA group had more comorbidities. 
Assumingly the surgeons regard these patients as 2 distinct 
groups, either “biologically old” and treated mainly with a HA, 
or relatively fi tter and treated with IF or THA, with THA on 
the increase recently. This is reasonable: the relatively fi ttest 
patients may benefi t from a THA (Parker and Gurusamy 2006, 
Baker et al. 2006). The use of HA in the frailest of the younger 
hip fracture patients in our study may be supported by sev-
eral meta-analyses recommending HA for older patients with 
impaired general conditions or institutionalized patients (Rog-
mark and Johnell 2006, He et al. 2012). The rate of reopera-
tion we found is comparable to previously reported results in 
patients older than 70 years (Rogmark and Leonardsson 2016). 
1 out of 5 patients between 55 and 70 years was treated 
with a total hip replacement. During the study period, how-
ever, there was a marked shift from the use of internal fi xa-
tion to arthroplasties, both HA and THA. This is similar to 
the shift in the treatment observed for elderly patients (Støen 
et al. 2014). The reason for this might also be that surgeons 
have changed practice as a result of newer knowledge, such 
as effects of posterior tilt (Palm et al. 2009, Dolatowski et al. 
2016) and outcome of frailer patients treated with HA (Rog-
mark and Leonardsson 2016).
Indication for surgery and the treatment were decided by 
the surgeons. We had neither information on the experience 
level of the surgeons performing the surgery nor postoperative 
radiographs available. Accordingly, the quality of the surgery 
could not be studied. The results, in particular for the IF group, 
may have been better if only experienced surgeons performed 
the operations. On the other hand, they present the nationwide 
everyday results that are achieved by an average orthopedic 
surgeon.
We have no exact data on the completeness of reported com-
plications. We are aware of some underreporting of reopera-
tions, but we have no reason to suspect that different treatment 
methods had different rates of reporting. We tried to compen-
sate for the fact that secondary surgery is differently defi ned 
in the NHFR and NAR by focusing on major reoperations 
only, regardless of method (Gjertsen et al. 2007, Gundtoft et 
al. 2016). 
The patient questionnaires had a relatively low response 
rate. The baseline characteristics between receivers and non-
receivers of the questionnaires showed that age and sex did not 
differ between the treatment groups. However, the responders 
were healthier than the non-responders and the non-receivers. 
Hence, the PROM results should be interpreted with caution. 
On the other hand, we are not aware of any hip fracture reg-
ister gathering PROM data nationwide, meaning that our data 
provide a unique source of information. 
The follow-up was limited to 1 year. Some concern has been 
raised that hemiarthroplasties in particular may be prone to 
late complications, such as poor outcome, pain, and acetabu-
lar wear. This does not, however, seem to be the case when 
modern implants are used (Gjertsen et al. 2007, Figved et 
al. 2012, Langset et al. 2014, Støen et al. 2014). Long-terms 
results are nevertheless warranted, especially for the healthier 
patients (Rogmark and Johnell 2006, Leonardsson et al. 2013, 
Støen et al. 2014).
Randomized trials may be diffi cult to perform in these 
patients, as they are a heterogeneous group and relatively few 
patients below 70 sustain a FNF, but will help in the deci-
sion-making. Studies describing more defi ned subgroups of 
patients regarding functional demands and comorbidities, and 
with a longer follow-up, reporting both surgical complications 
and outcome after 5 to 10 years are also needed. 
In summary, treatment with IF resulted in a high number of 
reoperations. 
With fewer reoperations, better patient satisfaction, less 
pain, and better quality of life, the patients treated with THA 
had better results than patients treated with IF at both 4 and 12 
months postoperatively. Patients treated with HA had, com-
pared with IF, better patient-reported outcome after 4 months, 
but not after 12 months. Nevertheless, with fewer reopera-
tions it might be a good alternative for the frailest patients. 
Our results suggest that patients with displaced intracapsular 
femoral neck fractures between 55 and 70 years of age benefi t 
from treatment with arthroplasty.
Supplementary data
Tables 2, 4, and 5 are available as supplementary data in 
the online version of this article, http://dx.doi.org/ 10.1080/ 
17453674.2017.1376514
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